Aims/Introduction: Member B of the family with sequence similarity 3 (FAM3B), also known as pancreatic-derived factor, is mainly synthesized and secreted by islet b-cells, and plays a role in abnormal metabolism of glucose and lipids. However, the prospective association of FAM3B with metabolic disorders remains unclear. The present study aimed to reveal the predictive relationship between pancreas-specific cytokine and metabolic syndrome (MetS). Materials and Methods: A total of 210 adults (88 men and 122 women) without MetS, aged between 40 and 65 years, were recruited and received a comprehensive health examination. Baseline serum FAM3B levels were determined by sandwich enzymelinked immunosorbent assay. Subsequently, all participants underwent a follow-up examination after 5 years. MetS was identified in accordance with the International Diabetes Federation criteria. Results: During follow up, 35.7% participants developed MetS. In comparison with the non-MetS group, participants with MetS had an increased serum FAM3B at baseline (21.85 ng/mL [19.38, 24.17 ng/mL] vs 28.56 ng/mL [25.32, 38.10 ng/mL], P < 0.001). Moreover, serum FAM3B was significantly associated with variations in fasting plasma insulin (r = -0.306, P < 0.001), homeostasis model assessment of b-cell function (r = -0.328, P < 0.001) and homeostasis model assessment of insulin resistance (r = -0.191, P = 0.006). Furthermore, a positive correlation between baseline FAM3B and the incidence of MetS was observed, even after multivariable adjustment (relative risk 1.23 [1.15, 1.31], P < 0.001). Furthermore, the optimal cut-off values of FAM3B was 23.98 ng/mL for predicting MetS based on the Youden Index. Conclusions: Elevated circulating FAM3B might be considered as a predictor of newlyonset MetS and its progression.
INTRODUCTION
Metabolic syndrome (MetS) is a prevalent condition affecting nearly 35% of all adults 1 . It is defined as a cluster of central obesity, dyslipidemia, hypertension and hyperglycemia. Accumulating evidence has reported the association of MetS with higher risks of cardiovascular morbidity and mortality 2, 3 .
Increasing concerns over MetS and its health consequences have resulted in wide and sustained studies. However, it is difficult to identify a single etiology, as MetS is a result of an interplay between multiple factors. Previously, several studies have confirmed that some cytokines, such as leptin 4 , adiponectin 5 , irisin 6 and betatrophin 7 , could play a vital role in the development of MetS. Thus, the study of novel metabolism-related cytokines could contribute to understanding the mechanisms of metabolic diseases and provide potential therapeutic targets 8 .
In 2002, the family with sequence similarity 3 (FAM3) gene family was first identified and cloned by Zhu et al. 9 Furthermore, the member B of FAM3 (FAM3B) has been proved to be synthesized and secreted by pancreatic islets specifically 10 , and FAM3B thereby is known as a pancreatic-derived factor. Growing studies have confirmed that FAM3B has an effect on islet function by inducing apoptosis of insulin-secreting bcells 11 and insulin resistance of peripheral tissue 12 . This evidence suggests that circulating FAM3B could be considered as a regulator of glucose and lipid metabolism. Recently, a crosssectional study by Cao et al. 13 reported that the serum FAM3B level is associated with MetS in humans. However, the sequence between circulating FAM3B and MetS remains uncertain.
Therefore, the present prospective study was carried out to identify the ability of FAM3B in predicting MetS, based on the hypothesis that serum FAM3B might be associated with higher risks of incident MetS and its components.
MATERIALS AND METHODS

Study participants
In June 2010, a community-based cohort of 750 individuals aged 40-65 years was established in the urban area of Shenyang, China. After 5 years, in 2015, the population was followed up. According to the baseline characteristics, individuals who met the following criteria were excluded: (i) the presence of metabolic syndrome at baseline; (ii) a history of chronic hepatic and renal diseases, or any previous malignancy; (iii) being pregnant; (iv) a history of drug or surgery for obesity, diabetes mellitus, dyslipidemia or hypertension at baseline; (v) lack of primary data; and (vi) missing communication or unwillingness to participate in the follow up. Finally, 210 individuals (88 men and 122 women) were included for the present study, and average follow-up duration was 5 years ( Figure 1 ).
This study was approved by the Medical Ethics Committee of the First Affiliated Hospital of China Medical University, and was carried out in accordance with related guidelines and regulations. Written consent was provided by all the participants from the cohort.
Data collection
At baseline and end-point, all the individuals underwent comprehensive medical examinations. A standardized questionnaire, including demographic information, lifestyle characteristics, health status and medical history, was completed by each participant with trained staff. Measurements of height, weight, waist circumference (WC) and blood pressure were also carried out. Body mass index is equal to the weight (kg) divided by the square of height (m 2 ).
After an overnight fast, all the participants underwent a 75-g oral glucose tolerance test. Fasting plasma glucose (FPG), 2-h plasma glucose, fasting plasma insulin (FINS), glycated hemoglobin, blood urea nitrogen, serum creatinine (Cr), uric acid, alanine aminotransferase, aspartate aminotransferase (AST) and gamma glutamyl transpeptidase (GGT), as well as lipid profile including triglyceride (TG), total cholesterol, high-density lipoprotein cholesterol (HDL-c) and low-density lipoprotein cholesterol were examined in the center laboratory of the First Affiliated Hospital of China Medical University. Homeostasis model assessment of insulin resistance (HOMA-IR) was estimated as FINS (IU/mL) 9 FPG (mmol/L) / 22.5, and homeostasis model assessment of b-cell function (HOMA-b) was evaluated as FINS (IU/ mL) 9 20 / (FPG [mmol/L] -3.5).
Measurement of FAM3B
After centrifugation (1,500 g for 15 min at 4°C), the supernatant of the fasting blood sample was preserved under -80°C until FAM3B analysis. The baseline serum levels of FAM3B in the fasting serum were assessed using a sandwich enzymelinked immunosorbent assay (FAM3B Quantitative ELISA kit; Cloud-Clone Corp., Katy, Texas, USA).
MetS definition
Based on the International Diabetes Federation criteria 2009 14 and Chinese-specific abdominal obesity standard 15 in adults, participants who met at least three of the following were diagnosed as MetS: (i) central obesity, namely a WC ≥ 90 cm for men or ≥85 cm for women; (ii) high TG, namely serum TG ≥ 1.70 mmol/L; (iii) low HDL-c, namely serum HDLc < 1.0 mmol/L for men and <1.3 mmol/L for women; (iv) hypertension, namely systolic blood pressure ≥130 mmHg and/ or diastolic blood pressure ≥85 mmHg, or a history of hypertension; and (v) hyperglycemia, namely FPG ≥5.6 mmol/L, or a diagnosis of type 2 diabetes mellitus.
Statistical analysis
At baseline, all the participants included were free from MetS. They were then divided into the newly-MetS group and non-MetS group according to whether MetS was developing or not during follow up. The data were summarized as the meanstandard deviation, medians (interquartile range) or counts (percentages) based on the different variable types. For estimating the relative elements of MetS and its components, univariate analyses were carried out by t-test, Mann-Whitney U-test or v 2 -test depending on the data characteristics. Variation in the number of MetS components was defined as the number of MetS components at the end subtracted by that at baseline. Partial correlation analysis was carried out to assess the association between variations in metabolic risk parameters and baseline FAM3B levels, with adjustment for age and sex. Logistic regression was also carried out to analyze the relative risks for the incident metabolic syndrome and each component after adjustment for multiple variables. Receiver operating characteristic (ROC) curve analyses were used to determine the appropriate cut-off of FAM3B in predicting incident MetS, and the optimal value was obtained according to the Youden Index. All the statistical analyses were carried out with SPSS (version 22.0; SPSS Inc., Chicago, Illinois, USA), and two-sided P-values <0.05 were considered significant. Furthermore, all the participants were stratified for the variation in number of MetS components between the baseline and end. In Figure 2 , the median serum FAM3B concentration was 18.39, 21.84, 24.31, 27.53 and 35.29 ng/mL for participants whose variation numbers were <0, 0, 1, 2 and ≥3, respectively. Serum FAM3B levels were raised with an increasing number of MetS components variation (P for trend <0.001). Table 2 presents Furthermore, a partial correlation analysis between variations in metabolic risk parameters and FAM3B was carried out, with adjustment for age and sex. These results showed that variations in FINS (r = -0.306, P < 0.001), HOMA-b (r = -0.328, Association of serum FAM3B level with the incident risk of MetS and its components As shown in Table 3 , the incidences of MetS, central obesity, high TG, low HDL, hypertension and hyperglycemia were 35.7%, 32.3%, 14.6%, 4.5%, 51.5% and 48.0%, respectively. After multivariable adjustment for age, sex, Cr, uric acid, alanine aminotransferase, AST, GGT, current smoke and alcohol intake, the significant association of FAM3B with incident risks of MetS and its components remained.
RESULTS
Baseline characteristics of study individuals
Variations in metabolic parameters and their correlation with baseline FAM3B
ROC analysis for FAM3B in predicting risk of MetS and its components
The area under the ROC curve (AUC) was used to estimate the ability of FAM3B in predicting MetS risk. As shown in Figure 3 , FAM3B showed a significance in predicting MetS (AUC 0.816 [0.757, 0.866], P < 0.001). Moreover, AUCs of FAM3B and WC were compared. It was found that FAM3B has a higher AUC than WC in predicting MetS, though the difference was not significant (0.816 [0.757, 0.866] vs 0.778 [0.715, 0.832], P = 0.393). Furthermore, AUCs for FAM3B in predicting central obesity, high TG, low HDL, hypertension and hyperglycemia were 0.742 (0.665, 0.810; P < 0.001), 0.658 (0.580, 0.730; P = 0.027), 0.704 [0.631, 0.770; P = 0.111), 0.615 (0.536, 0.690; P = 0.010) and 0.635 (0.552, 0.712; P = 0.003), respectively.
In addition, the Youden Index was calculated, indicating that the optimal cut-offs of FAM3B for predicting MetS, central obesity, high TG, low HDL, hypertension and hyperglycemia were 23.98, 24.96, 25.32, 27.50, 21.39 and 23.87 ng/mL, respectively.
DISCUSSION
The findings of the present prospective study of a communitybased cohort showed that FAM3B is an independent predictor of MetS and its components. The number of MetS components also showed an increasing trend as the circulating FAM3B levels raised, demonstrating that FAM3B is involved in the development of MetS. It has been reported that FAM3B is secreted by b-cells along with insulin 16 . However, the present prospective results showed that increased FAM3B levels at baseline could predict significant reductions of FINS and HOMA-b during follow up. It is probably because FAM3B, both full-length and recombinant, can also induce islet b-cell apoptosis by upregulating caspase-3 10, 11, 17, 18 . Coincidentally, a cross-sectional study has proved that FAM3B is negatively associated with FINS in humans 13 . Furthermore, compared with new-onset diabetes and healthy controls, circulating FAM3B levels are significantly increased in individuals with long-standing diabetes mellitus 19 . These findings suggest that FAM3B might be related to the severity of bcell dysfunction. Another possible reason is that the liver could be an additional source of FAM3B based on a recent study 20 . Thus, increased FAM3B levels might be attributed to b-cells, the liver or both. In brief, there is sufficient evidence that FAM3B plays a vital role in b-cell dysfunction and impaired glucose metabolism.
Subsequently, the present data have shown a negative correlation of FAM3B and long-term variation in HOMA-IR. One of the reasons might be that severe islet cell dysfunction leads to a significant reduction of FINS, which in turn reduces the value of HOMA-IR. In fact, we have analyzed the correlation between FAM3B and variation in HOMA-IR after adjustment for baseline age, sex and follow-up FINS, but no significant association has been observed (r = -0.045, P = 0.517). Meanwhile, the negative correlation between FAM3B and variation in HOMA-b remained (r = -0.253, P < 0.001).
As previously shown, FAM3B secretion from islets can be stimulated by glucose and insulin, hence it has been recognized as a regulator of metabolic homeostasis. A recent study has fully proved the involvement of FAM3B in the potential progression of type 2 diabetes mellitus 21 . However, the association of circulating FAM3B with other metabolic disorders is still unknown. In the present study, we observed a significant association of baseline FAM3B levels with all the incident MetS components after multivariable adjustment. Indeed, plasma FAM3B was found to be associated with dyslipidemia in mice 12 . Similar results were also reported in humans (high TG and low HDL) 13 . Increased activity of forkhead box protein O1 and hepatic lipase secondary to hyperglycemia might be possible reasons for hepatic increased TG synthesis and degraded HDL 22 , but the precise mechanism has not yet been clearly elucidated. In addition, it was also reported that apoptosis of SH-HY5Y, as a neuroblastoma cell line, can be induced by FAM3B, indicating its role in diabetic neuropathy 23 . In brief, there might be more complicated interactions between FAM3B and metabolic diseases. Furthermore, in ROC analysis, we confirmed the ability of FAM3B to predict incident MetS and most of its components. We compared the abilities of FAM3B and WC in predicting MetS, and no significant difference was observed. As WC has been considered as an effective and widely used index 24 , it is suggested that FAM3B has a similar ability as WC in predicting MetS. However, FAM3B has no significant predictive significance for low HDL. This might be because there were fewer patients that suffered from low HDL during the follow up. Accordingly, a study with a larger sample size and longer follow-up period is required. Overall, the present study has shown that FAM3B has a comprehensive assessment of the risk of metabolic diseases in individuals, and FAM3B could thereby be recognized as a promising biomarker and therapeutic target of MetS.
Several limitations of the present study should be considered. First, this study was confined to middle-aged and elderly urban residents, and might not be generalized for other populations. Second, we evaluated the serum levels of FAM3B at baseline only, so that its dynamic changes should be assessed in further studies. Furthermore, due to the methods and participants of the present study, we could not confirm if there was any liverderived FAM3B involved, though it is generally believed that FAM3B is mainly secreted by b-cells. Additionally, although the present study identified the involvement of FAM3B in the development of MetS, it remains to be observed whether the targeted intervention can prevent, or even ameliorate, MetS and its components.
In conclusion, the present findings showed that serum FAM3B level is closely associated with long-term MetS risk and islet b-cells dysfunction in the population without MetS. Furthermore, FAM3B ≥ 23.98 ng/mL was the optimal cut-off to identify the increased risk of incident MetS.
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